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Certain 7heoretical Prerequisites on the Construction of Metal-

Like Refractorles.

by

0. T. Smosov anad V. S. Neshpei

In this report are discussed the prinsipal possibilities of preparrin heat res-

istant allqp% It is pointed out in particulars that for effective utilization of

metal-like ccnP andB in role of refractory materials is necessary to obtain campou•a

possessing not too high forces of interatcoic reaction and at the same time a very

Creat mass of the structural ecoplex, which will increase the ability of these substanp-

ces toward relaxation of elastic stresses, reduce their brittlene3s and increase m6

5*te to thermal Izzacte

The contimaously growing requirements set forth for refractories for all their

Paraceters - strongth at hiah temperatures, resistance against thermal inecte cor-

rosion and erosion stability, prompt the necessity of thorouhly examining solid high

melting substances, which appear to, in perticularmetal Like carbides, nitridesbo-

rides and silicidesar.

The clearest basic pyinciples of creating heat resistant fusions haVe been forma.

lated by academician AoABochvar2. It classifies possible methods of increasing

the strength of metals and alloys at high temperatures into the following four goupaj

l)raethod of distorting the crystallino lattice at mechanical deformation at low

temperatures; 2) by fcrmi.ng solid solutions; 3) during the formation of a highly dis-

persion mixture of phases; 4) upon the introducticn into the alloy of camponents,

forming a more solid phase in form of skeleton between the grains of the basic mulal

and alloy*

The first two of these methods are connected with reinforcing by distorting the

crystalline lattice or by increasing the forces of ir.teratowc reaction in solid so..
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lutions and the two remaining ones - with the difficulty of sliding by heteroenization of

structues, whereby the most effective appe2ra to be the formation of skeleton or

screen of heat resistant phase of the all~e

In metal fusions (alloys) the strorzgbening effect of lattice distortion with a

rise in temzperature weakens as renult of rise in the mobility of atoms and developmnt

of diffusion ;rocesses, leading to the removal of the stre:-ed state or to ordering

the structure of solid solutions*

In case of skeletal nature of formation of a strengthening phase there is a redue.

tion in strenath upon heating which is due to the rise in solubility of thials.

in basic allce

Pcum the view point of these heat resistance principles are hiehly interesting

metal-like compounds, a considerable part of which is either constructed by the type

of introduction phases, or contain structural elements~distorting and reinforcing the

crystalline lattice,

Carbides of a series of transient metals represent typical phases of introductione

iceslattices of metallic atoms, in the pores of which are introduced metalloid-carbou

atoms (fig.l), with the adherence to metal atcan and metalloid radii R.3 %3 059 •

An analogous structure is also possessed by many nitrides. It is apperent~that

the introduction of carbon atoms into the pores of metallic cells as well as the fox-

nation of carbon stun chains (for exanple, in chronium carbides) leads to the hard-

ening of crystalline lattice and hampering of displacesent deformation*

Berides of transient metals according to Kieslingt3j are hliaracterized by strong

bands between the boron atoms, whereby these bonds become strengkened with an in-

crease in boron content in boride phases. And so, in ?ejB an IM& type compounds the

boron atcom are isolated from each other, in M:•B compounds are formed zig-zsg like

sinale chaine, in YjjB 4 - binary chains, in MeB 2-(fig;2) screens and, finallo in

?h.S,?stB6 and •Md2 ecrwounds - a three dimensional lattice, in the pores of which

are situated metal atoms. lbrallel with the ccplication of structural elements
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consistinc of boron stuns, bound by strong covalent bonds, there Is a rise in the streng-

thening of the lattice*

N

0 Q s , D i IVb.

6 0

. a '.I e .* .

Figol.Tntr6duction phases with dense Fig.2eStructural elements of borf atoms
cubical packing of metallic atrms: 1-atoms in lattices of boridess a-isolated boron atoma
of metal; 2-carbon or nitrogen atoms. (M92 B boa.ides); b-chains of boron atcm=

(f.aB); c- doubled boron atom chains (N 3 B 4 )I
d)screens (116 2 borides)e

Silcoides of high melting transient metalsformed no longer by the principle of

introduction but by the principle of replacing metallic atoms of silicon M

Formation of graphite-Ukae flat layer of silicon atoms in structures of vany sill-

cides (fig.3) leads to their low resistance to defornmtion, low hardness, low melting

points etc$ as compared with carbides, borides and nitrides. In this wayeilicon atoms

either weakly strengthen or even somewhat weaken the lattices of basic metals. This'

weakening appears, eege with a reduction in melting point of the metals during the

formation of ailicides by 102 to 1.8 times; but the simulteneous rise in hardness

results in the formation of quite strong bonds between the atoms of metal and silieoo

in thei layers&

The presence of introduced atoms, structural elements from metalloid atoms eto#

in carbides, nitrides, borides and silicides should hamper the developmnent of sliding

processes, whereby it is considerably more effeotivel.-.han, for example, the for-m-

tico of solid solutions or presence of lattice distortions in pure metsls, where, as

was pointed out, these stressed states can be relatively easily lquidated by diffka-
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Dion prooeneso

In metal-li-k compounds heterogenoities

in the scale of the elemtarFy nucleus can

be reduced by raising the temperature but

only to such a decree, in which the bonds

between metal atoms and metalloids weaken (L.ee

the stressed state in those phases is not

removed all the way to meltin)•e

,It is knbwzcthat the -3xi- value of

criticaL shearing stressdetermining the

resistance of the crystalline body to plastj..

defornation and to a known extend also

its hardbessconstitutes theoretically
Fic3eStructural elements from silicon atoms

about 0.1 of the displacement modulusand in silicide latticess a-Oaphite-UIk.
Strickles of silicon ato: s; b-dittobut oen

practically - not more than Mundreds and tered by metal atoms; c- 'ismcnd like corru
gated silicon atom screense

thousands of fractions.The hardness/shear

coefficient ratix. for this reason can serve as a measure of strengthening the metal

or alloy under given conditions3l

For exampleo according to YaS,Mnn.nskiy for low melting alloys (capable of weaken-

Ing in the process of plastic deformation at room temperature) the hardness ratio of

maximn strengthened alley to shear coefficient of basic metal varies between 0,52 to

0.53, and for alloys with melting points of over 13000C it rceaches up to 00082 -00088,

Analogous %s G ratios, i.e. where %. - microhnrdness in kg/dz?,have been calcu-

lated bf us for a series of carbides and boridesL61-and are listed in table I

7he Ins 0 ratio, ieoethe deoee of strengthening•,drops with a decrease in inter-

1. BDN.Rovinskdy j on the basis of analyzing experimental data stowed, that hardness
of annealed metal d~pends linearly upon the square of the elastioity modiluuand cour
sequently, also the shear coofficient. Deviation from this dependence should, in this
way, serve as a measure of nonequilibrium in the state of metallic lattice*rný.,T6616411+2L
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atomie reaction forces frou 0.263 for TO to 0.079 for VC.

"hble l.C&-rison of shear modulus and mcrohardness of metal-Like

1) CaiPOUnd .2) 3)IGComnpound 10) By, I
Carbidu BM~r

_ _ _ _ _ _.9 . . _ _

.vc ii+o.o.,,,

The latter value is close to suich for ordinary hidh'melting metals and allcraoand

for remaining metal-like phases by 2-4 times higher, than for high malting~max1mm

strengthened rx tals, which indicates a considerably •reater strengthening potentiala

of these phases as compared with metals, which, in siAte of the difficult sli as

result of atcm introduction effect, is e:.planed, (and this appears to be most impor-

tant) by 7reater forces of interatcmic bond of these comipounds. This is evident by

the greater irportarce of microhardness numers of metal-like phases (table 2) ,vhich

are on an average by an order greater,than for corresponding metals, and high melting

2oints.

Calculation of energ of crystalline lattices for a series of metal-like ccnpounds

by the use of the method, introduced by ZoS.SarkisovEj with consideration of part.-

cipetion in the bond, in addition to a-, also of d-electrons of the metal C shown

(table 2), that these values are of the order. of magnitude of 10kcal/molp which e-r

plai;s the high chemical strength of these phases, their greater hardness and high

delee of strength•n•Lg, expressed by the I,43G ratio.

It can be seen that =xJ=n bond eneroy is possessed by carbides and nitrides

and lo wer one - by borldese

The hardness of metal-like cczounds does not follow paral.lj. with the chanp

in bond energy, and depends substantially upon+ the structure. For examle, if the

energy of interatorne reaction in borides is close to such in carbides (ratio UVBk I

%C 4 0  0;8), then the greater difficulty in shear defornmtion, caused by the
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strernthenin effect of structural boron atom elements in biride latticessltead to

the points that they are harder than the carbides. If the enerav of-boride lattices

is considerably lower than such for carbides, then the strutur~l factor Is in no posi-

tion to camnensate the reduction in interatomic bond and the weakening of the lattices

In this case the hardness of baeides is lower than the hardness of carbides. In nitri-

des the hardnss, as a rule, is lower, than in carbides and borides.

The high enerey of interatmnic reaction in metal-like copoundo promotes the

strengthening state of these phases to very hieh tem.peratures, close to melting points*

A charactqristic feature of metal-Like cocqxnmds appears to be brittleness and 1w

resistance against thermal impact, which sharply reduces their effective strength and

limits their application in role of structural materials,

In report[8,9] we have shownethat very strong interatomic bonds lead to consider-

able reduction in the abilityoof crystalline lattices of metal-like phases,toward re-

laxation of elastic stresses during, mechanical stressing of objects fTrcm these substances *

7bis causeu localization of rtresses on ncrodefects in the wne of stressing and, the

formation of crackin. sources. Further concentration of stresses on these sources leads

to their prcgvessive developnci.t and tcward rapid destruction of iwtal-lilke bodies#

bearing the nature of Obrittle fracture 00

In the role o. mea-ure of ability of solid eompounds toward the relaxation of

elastic stresses can be considered rtean square displacements of centers of structuve.

ral cuplexes in the lat-tices of these cca Jds , clculated by elastic constants.

Heat resistance of brittle solid bodies should to a considerable degree depend

upon the change in amplitude of thermal oscillations of atous with temperature*

In table 3 are given RIS displacements of structural cuplexes for certain cau.m

pouds calculated fron ex,,erimental values of linear expansion coefficients of porele$s

"soles at two temperatures, hence it is evident, host resis'xFnco of carbide (molybde-
nua carbide) shoulds at 'other co.nditions beiG equal, exceed the .heat resi-t-ce of other

carbid-stlisted in the table.

?PTD--7D-62-14/4 6
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Table 3o ChanCe in RMS displacement of structural complexes
4f metal-like phaees with temperature

61- . ,-. - ATX

P".*up. s10000C

TC .. 0.067 k187 0.120 o7.1
ZiC 0.074 0.166. 0o92. M.4

0.05 0.056 .N 0.043 • 4,.
S 0.058 .0.1.4 0.076 7.7

0.062 0.147 ' 0.085 "."
0073 0.143, 0.071 7.2

of 00O3 0.158 0.075 .7 ""
Taos U. ' 0.150 0.071 7.

Zirconium bra-Ade, apparently, should, be much more ha3t iesistant, than carbidee

and this explains the factwhy the latter found no Creat applicaiion in refractory

materialsvhile boride is beinG widely used for the very same p~rpose L Oborolites

type cwý_=nds, 71taniiu boride should have a much lower heat r istanc~na. as Is

Indn, it has no Great application in the role of refractory matcrial. By the ir~ten-

sity of the originating ther1l stresses titanium carbide anW borides Zr, V and Nb

are nost likelv close to each other.

A ch!:Ge in oscillations amplitude of structural complexes with tewerature Is'

connected with their mass and force of interatcric reaction, decreasing with its increase,

But the very force of interatuic reaction generally decreases with a rise in mass of

the !'T-X complex, i.eathere is a rise in the shielding of unfilled d-shell of the

metal, buildina special :roperties of metal-like compounds*

It can be expectedethat the least change in RMS displacements of structural com-

plebes in relation to teiperature,will charactcrize ;:,b,TCr and tb cccpounds having

. ufficiaetly high atauie mass and not too strong screening of the d-shell, which is

oviden from cazparing the enrgies of crystalline lattices of metal-like compounds.

An Important quality of heat resistant rmterial Wpears to be the coefficient

of linear expansion and the nature of its change with temrerature. Tho Greate.

value of the latter, ap•eaiently9offers a Greater probability for the origination in

• '-18.1/.,e 8



tha body of termal otresses of rLcroscopio nature and irre~ular dictribution of Ime

due to the presence of defeat& in the body. It should be mentioned however, that direct.

ly from the value of thermal linear expansion coefficient it is imrnossible to dater-

mine the matitude of thermal stresses,originating in the crystalline lattice of the

In table 4 are given values of linear expansion coefficients of a nw".ber of metal-

like ccpcunds at 200 o0+nd at 1000C-chanGe in percentages, and in fige4-the templreture

dependence the dependence of the linear expension coefficient.

It can be expected from these data that carbide objects should be more stable aOainst

thermal impect,than boride objects, in spite of the fact that the value of thermal
See page Is. for Figro 4

of thermal stressesas it a3lears in fi4 S e
FiC.eTompeeratre dependence of thermi,

for ZIB2, VB2 and T is lower than for expansion coefficients of metal-like cc~jpawdsq

&•C and Ti2C. In practice borolite objects (ZxB2 with bundle (10,11)) are more heat

resistant than from TiC and even ZrC, but objects made of TiC base allcys do much exceed

the heat resistance of TiB2 -base alloys. The high heat resistance of chromiwn bovide

is known W

That is why the thermal coefficient of linear expavsion appears to be a less re-

liable characteristics for evaluating the intensity of thermal stresses in a crystalline

lattice than the RId displacement (shear) values of structural complexes.

"With the increase in porosity of sagplea the decree of rise in thermal coefficient

of linear expansion with temperature incroases*We have here, naturally, an increase

in irrerplarity in deformation distribution over the sample, on account of which there

zould appear additional thermal stresces of macroscopic naturealthouah the intensity

of stresses, acting in the volime of the elementary nucleus,remains unchanged (or

pretically unchanaed) with thc change in density of tha sample, From this viewpoint

when manufacturing boundless refractory objects preference should be given to pore-

less items, especially since there is a substantial rise in resistance to gaseous

?T-r- -l4/29
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corrosion and in the strenzth of objects. But an increase in the density of the object

together with a certain reduction in thoril stresses should cosiderably reduce the

ability of the objoet in scattering the criginatian stresses on macroscopce scalaewhich

for metal-like campounds is of first line importance because of their innistfieantly

low plasticity resource.

Table 4.Dependence of thermal expansion coefficient of natal-like cspowo

upon temperature

lhase 2)Thermnl ex tnsion cooff. J) Rize in thermal coeff. 4) Increase

- Ott 10 in range of 200-10000 in

at 2009 at "w00o

"Tit 7.3 8,26 096 I 13.2•.6.94 8.4 -146 21".1l
MOC 1 4.8 5.93 1.13 236

I 4.45 5.1 0.6 14.6
3.4 4,72 1.32 3

TiED 5.65 8.2 2.S 45,3I, 4.45 6.64 Z19 49.3
5.27 7.5 2.23 42.4

TSB W3.9 1 37.4

Mbe lower the iLtensity of thermal stresses in the crystalline lattice of the sob-

stance and the Creater the dispersibility of the lattice with respect to elaUe*

stresses, the denser should be the objectmade from this substmlcee

Important qualities of metal-like c••npounds as refractory materials appear to be.

their melting points. These compcunds are very high melting, whereby their =91"

point, as is evident fron table 2, rises with the increase in the mwber of the meftalO

com ponents in the group, just as it is for pare metals, which points tovard the

&eater role in the heat resistance of these eca sounda of metal-metal bonds and zeas

of structural complexes.

Taking into consideration the above described qualities of metal-like c•cipoundoe

it should be conclude4 that for effective utilization of aew in role of beat

resistant materials it is necessary to obtain c=nm~ondspossessing not too hiaCh inter-

atone reaction forces and sLmultaneously not very high mass of structural comptezv

whioh will increase the ability of these substances toward relsxaticn of elastic

rTD.r.62-l84l/l42 10



stresses, reduee their brittleness and raise the resistanee to thermal impact, 1,.e

will allow a more thorough utilization of the hi&h potential strength of metal-1jke

For the realization of other principal possibilities of prepering refractory al.

lops- by separating finely dispersed structural ecnponeat or formation of a honeyeurb

(skeletal) structure- it is necessary to make a th"orcugh investigation of phase dia.

grms of coresrondirn systems of metal-like eawpounds, especially with small ehsige

in solubility in solid state with temaperature, i.oe with sloping curve of solubility

boundary. In-the role of an example it is possible to bring forth alloys of the 2.(TMe

Cr)3 profilr, investigated by K.I.Portniy and one of the authors;310

The alplication of this principle to a Oreater number of objects will allow,

evidently, to reach the obtaimnent of alloys, capable of withstanding considerable

long lasting loads at hi-h temperatures. We speak here of alloys without metallie

bundles, which is highly important in this reepeot, that the budle adds ordinarily, in

s4diticn to a rise in strength. a whole series of negative factor, such, as increased

axidizability, creepability, low natural heat resistances
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